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LETTER OF TRANSMITTAL. 



U. S. Department op Agriculture, 

Office of Experiment Stations, 

Washington, D. 0., March 30, 1894. 
Sir: I have the honor to transmit herewith for publication as a 
Farmers' Bulletin an artielo on the value and use of leguminous plants 
for green manuring and for feeding, prepared under my direction by 
E. W. Allen, PH. D., assistant director of this Office. The scientific 
investigations in this country and abroad on the assimilation of nitro- 
gen of the air by leguminous plants and the practical experiments 
with numerous varieties of these plants in the fields and in the stables 
of experiment stations, as well as by progressive farmers, have more 
definitely established the importance of these crops in maintaining or 
increasing the fertility of our agricultural lands and in providing our 
Rve stoek with well-balanced rations. The resume" of this subject from 
the standpoint of advanced theory and practice, which this article 
contains, ean in my judgment bo usefully distributed in all seetions of 
our country. 

Kespectfully, 

A. 0. True, 

Director. 

Hon. J. Sterling Morton, 

Secretary of Agriculture. 
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LEGUMINOUS PLANTS FOR GREEN MANURING AND FOR FEEDING. 



GREEN MANURING. 

Green manuring, or plowing under green crops raised for that pur- 
pose, is one of the oldest means of improving the fertility of the soil. 
It wag advocated by Itomau writers more than two thousand years 
ago, and from that time until now it has formed a most important 
resource of the farmer, especially where the supply of barnyard manure 
is insufficient. Its advantages are many. The more striking are that 
it furnishes the surface soil with a supply of the fertilizing materials 
needed by crops, increases the humus, and improves the physical qual- 
ities and the tilth of the soil. As a hnmus former green manuriug 
stands next to barnyard manure. 

By means of green manuring, land which is practically barren may 
bo brought up to a state of fertility where it will produee profitable 
crops. As a single instance of this may bo mentioned the experiments 
carried on by the Michigan Experiment Station on the "Jack-pine 
plains" of that State. In 1888 experiments were undertaken on the 
light sandy, almost barrcu, soils of these plains. Green manures were 
used mainly, supplemented by cheap fertilizers. In three years marked 
improvement was evident, not only in the physical character of the soil, 
but also in the increased yields of various crops. 

Again, green manuring may bo used to take tho place of more expen- 
sive fertilizers and manures on soils already under cultivation. It is 
in this latter use that it finds its widest application. 

There has been much speculation as to the manner in which the crops 
commonly used for green manuring eould gather such large quantities 
of fertilizing materials. It will be remembered that tho priueipal fer- 
tilizing ingredients required by plants are nitrogen, phosphoric acid, 
and potash. These are each and all more or less esseutial to the 
healthy growth of crops. Consequently they are applied to tho soil in 
the form of commercial fertilizers and other manures. In attempting 
to explain how tho fertility of the soil is maintained by green manuring 
it has been said that plants with long roots, like clovers, feed deep 
down in tho soil or subsoil on materials beyond tho reach of surface- 
feeding plants; and that when the tops of these plants die down and are 
mixed with tho surface soil they enrich it much the same as an appli- 
cation of barnyard manure. This is undoubtedly true, but it fails to 
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explain how sueh large quantities of materials can bo obtained, espe- 
cially when elover is grown continuously for a number of years. The 
question lias fiually been solved by ono of tho most interesting and 
important discovories yet made in agricultural science. It has been 
found that certain plants can feed upon tho nitrogen in tho atmosphere 
and storo it up in their tissues as thoy grow. They take their phos- 
phoric aeid and potash from the soil, but they obtain their nitrogen very 
largely from the air. Ilence they draw from the air a material neeessary 
to tho growth of crops, which in tho form of eommereial fertilizers, as 
nitratoof soda, ammonium sulphate, dried blood, etc., is paid for at the 
rato of from 15 to 20 cents a pound. 

HOW PLANTS GET NITROGEN FROM THE AIR. 

The air we orcatlie is about four fifths nitrogen and ono fifth oxygen. 
Wo use tho oxygen in breathing but diseard tho nitrogen. It has been 
regarded merely as a material for diluting tho oxygen, whieh would 
otherwiso be too Btrong for our use. All attempts to economically ren- 
der this nitrogen of tho air availablo for plant food, by chemieal means, 
have been unsuccessful, llecently it has been discovered that the so- 
ealled loguminous plants — clovers, peas, beans, lupines, vetehes, etc.— 
can tako up this nitrogen of tho air, and ean grow without being 
manured with nitrogen if manured with phosphorie aeid and potash. 

Tho manner in which this nitrogen assimilation takes place has been 
earefully and patiently studied by scientists, and although the details 
aro not fnlly understood tho primary eauso has been found. It is 
believed that plants aro enabled to get this nitrogen through tho 
activity of tho lower forms of life, baeteria or microbes, whieh ean only 
bo scon with tho aid of a powerfnl microseope. Tlieso organisms livo 
in tho soil and aro to bo found where leguminons plants have been 
grown. They produce or cause tho plant to prodneo littlo nodules, or 
tubercles, on tho roots. It is through theso tubercles that tho plant 
gets its atinospherie nitrogen. The air onters the soil by the numerous 
pores or openings in it, which aro produced by plowing, cultivating, 
and working tho soil, by tho dceay of rootlets, by earthworms, ete. By 
just what physiological processes tho nitrogen assimilation takes placo 
is a question still in disputo among scientists. It is sufficient for prac- 
tical purposes to know that nitrogen is taken np from tho air by tho 
growing plant, direetly or indirectly; and that this nitrogen assimila- 
tion takes placo as a resnlt of tho life of baeteria. It is a peculiar fact 
that fow, if any, root tubercles aro formed when leguminous plants aro 
manured with uitrogon; tho plants must first hunger for nitrogen before 
tho tuborelos aro formed, and tho presence of tubercles indicates that 
tho plant Is taking nitrogon from tho air. 

Now, curious as it may seem, thero appear to bo different forms of 
baeteria for different kinds of plants. ITenee it sometimes becomes 
necessary to provido erops with tho neeessary bacteria before they cau 
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use the nitrogen of the air. This is clone by applying a, light dressing of 
soilin which the kind of plants it is wished to grow have been previously 
grown. This is called soil inoculation. It is sometimes necessary in 
growing a crop on a piece of land for the first time in several 3 r cars. 
Suppose, for instance, that peas which had been sown on land manured 
with phosphates and potash but without nitrogen failed to grow luxu- 
riantly. If the other conditions were favorable, the inference would bo 
that bacteria of the right kind were lacking in the soil, and a light dress- 
ing of soil in which peas had previously been successfully grown might 
be applied. Such treatment as this has been repeatedly tried with 
success on a largo scale. 

These discoveries throw a new light on green manuring and on the 
plants best adapted for green manuring. They recommend it more 
highly than ever before as a soil renovator and a cheap means of main- 
taining the fertility of a soil. They show that while both leguminous 
and non-leguminous plants enrich the soil alike in humus-forming 
materials, in proportion to the size of the crop, they differ in respect to 
the source of their nitrogenous materials. While non-leguminous 
plants derive their nitrogen supply almost exclusively from the soil, 
leguminous plants may take theirs largely from the air. Conse- 
quently, if spurry, buckwheat, mustard, etc. (non-leguminous plants), 
arc grown on the soil and the crop plowed in, the soil is not materially 
enriched in nitrogen; the process is simply returning to the soil all the 
nitrogen which the crop took from it. But since leguminous plants 
may derive the larger proportion of their nitrogen from without the 
soil — that is, from the air — their use for grecu manuring actually 
enriches the soil in nitrogenous matter. 

It will thus bo seen that by green manuring with leguminous crops 
it is possible to manure the soil with nitrogen from the air, a free and 
inexhaustible source, and thus avoid buying fertilizers containing much 
nitrogen. This greatly lessens the expense for commercial fertilizers, 
for nitrogen is the most expensive clement the farmer has to buy. As 
Btated above, it costs from 15 to 20 cents a pound, while potash and 
phosphoric acid cost only 5 to 7 cents, or even less. Although grains, 
grasses, corn, cotton, root crops, tobacco, etc., can not use the nitrogen 
of the air, green manuring enables them to benefit by it indirectly. 

SOME CHOI'S VOE GKEEN MANURING. 

Among the leguminous plants more commonly used for green manur- 
ing in this country and in Europe arc cowpea, alfalfa, clovers, melilotus, 
serradclla, lupines, vetch, and horse bean. Some of these are described 
below. 

COWrEA. 

The cowpea is widely used as a green manure in the Southern States. 
According to the North Carolina Experiment Station, "theeowpea, 



being a tender annual, should always be sown in the spring. It will 
give a good yield sowu as late as July 1, but tlio earlier it is sowu after 
danger of frost is passed tlio heavier the yield. The pea is usually 
sown broadcast at tho rate of 2 bushels per aevo and plowed or har- 
rowed in. The eowpea is not affected by heat, and is less sensitive t > 
drought than any of tho clovers." 

Experiments havo shown that eowpeas respond readily to applica- 
tions of potash and phosphates, and arc able to derive their nitrogen 
very largely from the air. Inasmuch as eowpeas are large gatherers of 
nitrogen, aud also secure considerable amounts of potash and phos- 
pborio aeid through their extensivo root system, which reaches down to 
tho subsoil, they lmvo a high fertilizing value. How to get the greatest 
bencfltfrom the fertilizing constituents of eowpeas is one of tho problems 
on which tho experiment stations aro working. If tho eowpeas aro 
plowed under in the fall and the ground left bare until spring a largo 
share of tho nitrogen will be leached away. By sowing wheat or ryo 
after tho eowpeas aro plowed under part of this loss may bo avoided. 
If tho vinos are cut and allowed to lie on tlio ground during the winter 
the nitrogen is rapidly lost. In an experiment at tho station in Ala- 
bama it was found that vines gathered in October had from 1.45 to 
2.G2 per eent of nitrogen, while if left on the ground until January they 
had only about 0.70 per cent, i. e., thoy lost two thirds of their most 
valuable fertilizing ingredient. 

Experiments at the Louisiana station show that 1 aero of cow- 
peas, yielding 3,070.38 pounds of organic matter, turned under, gavo 
to the soil G4.95 pounds of nitrogen, 20.39 pounds of phosphoric acid, 
and 110.5G pounds of potash, of which at least 8.31 pounds of nitro- 
gen, 4,43 pounds of phosphoric acid, and 18.1 pounds of potash wero 
furnished by tho roots. Analyses mado at the South Carolina Station 
show that eowpea hay contains 1.42 per eent of potash, 0.39 per cent 
of phosphoric acid, and 2.71 per cent of nitrogen. Cowpea roots con- 
tained 1.19 per cent of potash, 0.28 per cent of phosphoric acid, and 0.94 
per cent of nitrogen; tho roots and stnbble, two months after the 
crop was harvested, contained 0.S3 per cent of potash, 0.20 per cent 
of phosphoric acid, and 1.35 per cent of nitrogen. Experiments elso- 
where showed that tho vines from a given area weighed six times as 
much as the roots, and wero 8J times as valuable for maniiro. 

Oowpeas and inolilotus havo given good results as green mannro on 
tho cancbrako lauds of Alabama. "Before the land was sowed in meli- 
lotus and eowpeas it was not considered worth cultivating. This 
eoason (1890) it produced as fino a crop as the best lands of tho station 
highly fertilized." 

AI.FAI.FA. 

Alfalfa or lnecrn has long been cultivated in Europe, and is grown 
quite extensively in somo of the Western and Southern States. It 
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seems probablo that it may be introduced with advantage into many 
parts of tho Southern States cast of tho Mississippi, and over a wide 
tract of the more arid regions of the Southwest. Under favorable con- 
ditions it will live from eight to fifteen years, and does not run out as 
clover docs. It has been grown successfully for seven years at tho 
experiment station at Geneva, N. Y., but in recent experiments on 30 
farms in different parts of Vermont it was very largely winterkilled. 
While a Southern climato is more favorablo to alfalfa, numerous ex- 
periments have shown that it will do well in many localities in the 
Northern States, and when established will produce from three to five 
crops each season for a number of successive years. Alfalfa is said to 
be especially adapted to dry climates, and withstands drought much 
better than ordinary clovers. For this reason it is largely relied on in 
Colorado and California, especially where irrigation is used. 

Tho value of alfalfa for green manuring has been quite thoroughly 
studied by tho New Jersey Experiment Station. Seed was sown broad- 
cast at tho rato of 15 pounds per acre. A fertilizer containing phos- 
phoric acid and potash with a little nitrogen was applied. It appears 
from these studies that alfalfa derives nitrogen from some other sourco 
than tho soil, and draws potash through its long roots from the deeper 
layers of tho subsoil. In threo years 90 pounds of nitrogen per aero 
was applied in tho fertilizer, and the crops harvested in that time con- 
tained 912.8 pounds of nitrogen per aero. The fertilizing materials 
contained in tho crops harvested in four years are shown in the follow- 
ing table : 

Fertilizing ingredients in alfalfa during different seasons. 



Pounds per aero. 



Year. 


Nitrogen. 


Phosphoric 
acul. 


Potash. 


18S8 


261.0 

25:!. 6 
£9!>.2 
860.0 


39.6 
45.7 
52.4 
63.6 


203.5 
286.9 
292.2 
255.5 


1M7 


IfciH 


1SSD 





Tho average of the above tablo is 304 pounds of nitrogen, 50 pounds 
of phosphoric aeid, and 2G0 pounds of potash a year. These amounts 
would bo furnished by a dressing of 1,900 pounds of nitrate of soda, 
COO pounds of muriate of potash, and 300 pounds of South Carolina 
superphosphate. Tho phosphoric acid and potash wcro naturally 
derived from the soil. Tiio 300 pounds of nitrogen would cost in the 
form of nitrate of soda, at the present low price of 1D£ cents a pound, 
$4G.5Q. 

RED CLOVER. 

Red clover has been cultivated for centuries. It succeeds best in a 
temperate climate not deficient in moisture. In the central and eastern 
part of tho United States it constitutes ono of tho most important hay 
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crops. Tbongh not generally grown in the Gulf States it succeeds on 
tlio Btrong olay lands and black prairio soil of tlio Sontli. It may bo 
grown as far north as Minnesota, but frequently docs not thrive in 
nowly settled Bcetions. It has been successfully grown all over 
Nebraska, whero it is rocominoiHlcd for early pasture as well as for 
hay, and whero it withstands drought. It has proved valuable in 
South Dakota. Most of tlio experiment stations give favorablo reports 
of this plant. In Nevada, however, without water the growth is light. 

As a green inanuro it is perhaps more extensively used in tho United 
States than any other plant. Tweuty pounds of seed per acre is tho 
quantity usually recommended. Tho seed is frequently adulterated 
with weed seed. At tho Mississippi Station light-colored and dark seed 
germinated aliko in the ground. Clover is sown broadcast. In cold 
climates spring sowing is customary. Tho Connecticut Storrs Station 
roeomnicnds sowing after grain in tho latter part of July, in order to 
Eccuro an early crop the next season. In the South seeding in Septem- 
ber or October and in February is successful. In Kentucky seed sown 
between Fcbrnary 2 and March 1 nearly all germinated. 

Studies of tho root system of red clover grown at tho Minnesota Sta- 
tion showed that tho amount of roots and tlio depth to which they 
penetra-to vary greatly, depending on the character of tho land. In a 
favorablo soil a plant one month old had a root extending 7 inches into 
the ground; at two mouths old it had reached a depth of 2 feet; at five 
months its length was 5 fect 8 inches. Tho root development is most 
extensive on drained laud. Tho stand is also better oa drained than 
ou midr ahied soils. 

CIU.MSO.V CJ.OVBR. 

Crimson clover, also called scarlet clover and Italian or German 
clover, gTows from 1 to 2 fect high, with flower heads from 14 to 2 
inches long and of a bright crimson color. Though not generally 
grown in tho North it made a growth of 2G inches at tho Maino Station. 
It thrives on soil too light for other clovers. In the South it is valnablo 
on non-calcareous, sandy, or light clay soils. It has been highly recom- 
mended for grcon manuring and its value for that purpose has been 
studied especially by the Dolavvaro Experiment Station. That station 
reported that in 1891 2,3-iO acres of crimson clover wcro grown in Del- 
aware, 1,277 acres being used for green manuring. It is sown both in 
the open field and in orchards. Tho quantity of seed used depends 
upon tho aims of the sower, varying betweon 5 and 15 pounds per acre. 
It is also sown among com, and with a broadcasting machine 4 acres per 
hour can bo seeded. It may bo grown cither as a winter crop, cover- 
ing tho soil during September, October, and November, or as a summer 
crop. As a winter crop it may cither precedo or follow tho Southern 
cowpea vine. In Delaware a very large acreage of field corn is sown 
to crimson clover immediately after the cultivation of tho corn is finished 
for tho season. 
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Crimson clover is sown in Delaware the latter part of July or dur- 
ing August. In the South the seed may bo sown from August till 
the middle of September or even later in extreme southern latitudes. 
It is important that considerable growth should bo made before wixi- , 
tcr. On the other hand, to obtain a good stand, one must wait for a 
suitable season. It is not necessary to prcparo the land especially for 
the clover crop, but the seed may be sown in fields of cotton, eoru, or 
vegetables immediately after the cultivation and without covering. If 
clover is the only crop a light brushing or rolling is in order. The seed 
may also bo sown among the vines of a pea crop. Crimson clover 
begins its growth as tho peas die, and these two renovating crops sup- 
ply a very large amount of organic matter to the soil. 

Failure to secure a stand of crimson clover is frequent, duo some- 
times to tho seed and sometimes to tho season. The newly germinated 
plants are easily killed by a scorching sun. On stubble land a eateh 
may bo secured by harrowing deeply and theu sowing the seed and 
rolling or harrowing lightly. 

In Delawaro crimson clover can be cut for hay or for silago early in 
Hay. In the South it blooms in April. A yield of from 1 to 2 tons of 
excellent hay may be secured from very thin land. Tho hay is taken 
off in time to allow tho nso of tho field for other summer crops. In 
Delawaro soino fanners, while plowing under the green crop in 
orchards, turn the furrows so as to leave tho heads of clover above 
ground. These heads bear seed and thus afford a stand tho next year. 
In eutting for hay in orchards other farmers leave strips of uneut 
clover along the rows of trees. From these strips the seed is scattered 
for the next year's crop. 

Crimsou clover may follow grain or grass as well as cultivated crops. 
After cultivated crops it usually makes a good catch with slight 
expense. Orchards on thin soils may bo benefited by plowing in 
crimson clover for several years in succession. On rich soil and for 
some crops it is possible to incorporate too much organic matter with 
the soil. Crimson clover leaves the land in good condition for a crop 
of cotton, corn, or vegetables. It has beeu fonnd an excellent sub- 
stitute for nitrato of soda in growing sweet potatoes in Delaware. 

At the Delaware Experiment Station crimson clover yielded at tho 
rato of 13 tons 5GG pounds of greeu material per acre (exclusive of 
roots and stubble), containing 131 pounds of potash, 35 pounds of phos- 
phoric acid, and 115 pounds of nitrogen. As a source of nitrogen for 
fruits, field crops, and vegetables it has given highly satisfactory 
results, in somo cases surpassing nitrate of soda. 

The following illustration of the result of using crimsou clover for 
green manuring is from a recent report of the Delaware Experiment 
Station: 

8eed of crimson clover costing $1 per acre was Bown in a corn field near Newark, 
in 1S31, {amodiatoly after the last cultivation of the crop. The clover passed out 
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of blossom during tho first wcok of June, 1892. A tost mado at that time indicated 
that tho green crop then standing woighod 8 tons GOO pounds per acre. It was 
plowed under on the 5th instant; Mastodon seed corn was planted on tho 7th. An 
adjoining plat upon which tomatoes had been grown in 1891, and upon which uo 
clover had boon sooded for many years, was also planted with the saino variety of 
corn on tho7th instant. A portion of this corn on tho tomato plat was top-dressed 
with nitrate of soda, 100 pounds per acre, costing $1. The tomato plat yloldod 
21 bushols of shcllod eoru per acre, the touiato plat with nitrate of soda yielded 30 
bushels, and the plat manured with eriinson clover yieldod 48 bushols. 

Kight tons 600 pounds of crimson elover from seed which eost $1 per aero added 
21 bushols to tho com crop. One dollar invested in nitrato of soda and used as a 
top-drossing added G bushels to the corn crop. Hence in this caso $1 invested in 
clover seed returnod four times as much as $1 invosted in nitrate of soda. As to the 
relative ainouut of labor involved tho sowing of the soed and the broadcasting of 
the nitrate possibly balanco each other. Plowing down a green crop is doubtless 
far moro costly than plowing bare ground. This drawbaolt may roduce the above- 
named apparont gaiu by approximately 25 per cent. 

JATAN CLOVKH. 

Japan elover (Lespcdeza striata) lias been very successfully grown at 
tho North Carolina Experiment Station and is strongly recommended 
as a renovator of worn soils. At the station it was grown on a very 
poor stiff clay soil with a light dressing of phosphate. Other clovers, 
lueorn, and serradella, did very poorly on this soil, but tho Japan 
clover prosou tod a mo3t luxuriant appearance throughout tho season. 
Tho seed is broadcasted at tho rate of about 12 pounds per acre and 
covered with a smoothing harrow or roller. The seed costs from 12 to 
20 cents a pound, and can bo bought of most of tho larger seed firms. 
Tho soed should bo sown in tho spring after danger of frost is over, 
as tho plant is very teuder. Japan elover seems to prefer a moist clay 
soil, but does well on almost any soil except pure sand, and thrives 
without fertilizer on exhausted soils. Drought cheeks its growth for a 
time, but not seriously. 

Tho North Carolina Station says: 

The ability to grow on land too poor to produce oven broom sedge, and to crowd 
ont all other plants; its dying oach wintor aud leaving its roots to fertilizo the soil; 
and its possossing tho nitrogou-fixing power peculiar to the pulse family of plants, 
placo Japan clovor at the head of renovating plants adaptod to the climate of South- 
ern Statos. It is unoqnaled as a restorer of worn fields, sneh as aro generally turned 
out to grow up in pinos. 

LUPINES. 

The three species of lupines more commonly grown are tlio white, tho 
yellow, aud tho blue lupine. Tho plants aro bushy> somewhat woody, 
and generally too coarse for good fodder, though they aro used in some 
conntries for sheep. Tho seed is exceedingly nitrogenous aud in Europe 
is used for cattle food. As it contains a bitter alkaloid injurious to 
animals it must bo disoinbittcred before feeding. Kellner's process 
of discmbittoving lupine seed consists in soaking tho seed in water for 
twenty-four hours, with frequent changes of water, steaming for one 
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hour, and then extracting for two days, with frequent stirring. In the. 
latter operati on the discolored water is drawn off frequently and fresh 
water added. Five pounds daily of this disembittered lupine seed may 
be fed to cows per 1,000 pounds live weight. 

Lupines are much used in Europe for green manuring. They thrive 
ou a light sandy soil, make a rapid growth, and produce large amounts 
of organic materials, which when plowed into the soil improve it in 
humus and enrich it in nitrogen. A practice recommended for bring- 
ing up very poor soils is to grow a crop of lupiue manured with kainit, 
tarn the crop under, and follow it with winter rye manured with Thomas 
slag phosphate." 

In order to derive the greatest possible advantage from the green 
manuring, the lupines shonld bo sown early in May. By the first half 
of Angnst, which is believed to bo the best time of the year for plow- 
ing under, the seed of the lupine will be nearly or quite formed, and 
the crop will contain the maximum quantity of nitrogenous matter. 
Four, or better six, weeks should intervene between the plowing under 
of the lupine and the sowing of the rye. 

Under such a rotation a poor sandy soil will gradnally improve in 
humus until the change is perceptible to the eye in the darker color of 
the soil, and there will likewise be an increase in fertility. 

In Europe large tracts of barren waste have been brought into con- 
dition for profitable cultivation by green manuring with lupines treated 
with phosphates and potash salts. 

COMPOSITION OF GEE UN LEGUMINOUS CROPS. 

The following table gives the average amounts of water and fertilizing 
materials in 100 pounds in a number of green leguminous crops: 



Fertilizing ingredients in 100 pounds of green leguminous crops. 





Moisture. 


Nitrogen. 


rhosrdiorio 
acid. 


Potassium 
oxide. 




Pounds. 


Pounds. 


Pounds. 


Pounds. 


80. 00 


0.53 


0. 13 


0. 46 




81.00 


0. 56 


0.20 


0. 24 




81.80 


0.44 


0.11 


0.20 




82.50 


0.43 


0. 13 


0.49 




75.30 


0.72 


0.13 


0.56 




78.81 


0. 27 


0. 10 


0.31 




82.59 


0.41 


0.14 


0.42 




73. 20 " 


0.29 


0. 15 


0.53 




74.71 


0. 68 


0. 33 


1.37 


WhlUluplno 


85. 35 


0.44 


0. 35 


1. 73 


Yellow lupine 


83. 15 


0.51 


0.11 


0. 15 




71.60 


1.13 


0. 18 


0. 58 




84.50 


0.59 


1.19 


0.70 



GEEEN MANURING COMPARED WITH FEEDING TIIE CROP. 



Iii spite of the many advantages of green manuring, there are con- 
ditions under which it can not be regarded as a rational and profit- 
able practice. It involves the absolute waste of large quantities of the 



14 



very best kind of fodder. For this reason green manuring on good soils 
ean only bo recommended when the conditions of farming do not admit 
of the careful preservation of manure. Tbc erops should befed to animals 
and the manure carefully saved and returned to the soil. It is in this 
manner only that the fall value of tho crop ean bo secured. By feeding 
tho crop this animal food is saved, and at the same time from three 
tjnarters to nine tenths of tho fertilizing materials (nitrogen, phos- 
phorie acid, and potash) in the crop may bo returned to tho soil in tho 
manure, if this is properly eared for. Animals need for their nutrition 
nitrogen, fat, and carbohydrates (stareh, sugar, etc). The nitrogen in 
foods is in tho form of protein (albuminoid niatorials). It is tho same 
nitrogen which in green manuring enriches tho soil. These leguminous 
crops aro unusually rich in protein — far riehcr than most othor coarse 
fodders. For instance, while hay from grasses contains from G to 8 per 
cent of protein, red clover hay contains 12.5 per cent, alfalfa hay 14.3 
per cent, and eowpca hay ICG per ecnt of protein. If grass hay and 
corn aro fed, such eoneontratcd feeding stuffs as cotton-sccd meal, 
gluten meal, linseed meal, etc., must bo fed to make up tho supply of 
protein needed. If leguminous crops arc fed, inueh less grain will bo 
required. 

As nitrogen is the most expensive fertilizing element, so protein 
(nitrogen) is also by far the most expensivo food element. By feeding 
tho leguminous erops instead of plowing them under a twofold result 
is sceurcd — animals aro nourished without buying expensivo grain 
feeds, and tho soil is enriched to very nearly tho same extent as in 
grecu manuring. 

Beyond question tho nitrogen of tho air, which is obtained without 
eost through tho ageney of leguminous plants, is best utilized in 
improving tho productiveness of tho land and increasing the profits of 
the farm when it is used in tho production of milk and meat and 
thereby in tho production of eheap barnyard manuro. What has 
been said of tho nitrogen applies also to tho carbohydrates aud fats 
which tho plant derives from tho carbonic acid of tho .air. If tho 
erop is fed, tho carbohydrates and fat servo to nourish tho animal 
and a portion in turn passes into tho barnyard manure, and when 
applied to tho soil has a favorable effect on tho humus formation. 
This is tho true economy of material. It is following out tho law of 
nature. Its profitableness will depend upon tho price of feeding stnffs 
in general. Tho higher tho prevailing price of hay and other feeding 
stuffs tho larger will bo tho profit from feeding the crop rather than 
using it for green manuring. Let us consider a few examples of tho 
valuo of a crop for green manuring aud for feeding on different kinds 
of soils. 

SEREADELLA ON MEDIUM SANDY SOILS. 

Take, for instance, tho ease of scrradella on tho better class of sandy 
soils. This plant does well on medium light sandy soils. It may be 
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sown among winter rye in spring. Under these conditions it produees 
an unusually luxuriant vegetation -which may either be plowed under 
with good effect on the crop following, or it may be pastured. Serra- 
della is an excellent fodder plant and may be fed with none of the dan- 
ger attending the feeding of lupines. It may be fed either green or as 
hay or silage. It is eagerly eaten by all kinds of farm animals, retains 
its palatability and food value up to the end of blooming, and has a 
very favorable effcet on the secretion of milk. 

The elaim is frequently made, in advocating growing serradella for 
green manuring, that it is an exceedingly cheap means of securing 
nitrogen; that with a small expenditure for seed, and no extra labor 
except that of sowing the seed, a large amount of nitrogen is secured 
from the air. Admitting this, has not this nitrogen, ki the form in 
which it exists, namely, as protein, a much higher value when used 
for feeding animals than when plowed under? If it is a cheap source 
of nitrogen for manuring, is it not also a cheap source of protein for 
feeding, especially when three quarters of the nitrogen in the erop is 
recovered in the manure? 

A German authority on feeding and farm management has calcu- 
lated the matter on a financial basis. Assuming an average crop of 
17,000 pounds of green serradella, whieh is a moderate erop, he finds 
the nitrogen in the crop from an acre to be worth $11.06. This is 
taken as the value of the crop for green mauuring, as the nitrogen is 
the only fertilizing clement not derived from the soil, and the barnyard 
manure furnishes nearly as much humus as green manuring. 

The estimated profit from feeding the crop of 17,000 pounds of green 
serradella to mileh eows, when the barnyard manure is returned to 
the soil, is $23.12. In this calculation every possible expense attend- 
ing the feeding is taken into account, including care of animals, 
interest on money, cost of carting the barnyard manure to the land, 
etc., and allowance is made for the phosphoric acid and potash sold in 
the milk. The comparison stands then as follows: 

Profit from feeding crop of eerradella from 1 acre $23.12 

Value of crop of scrradolla from 1 acre for groen manuring 11. 06 

Difference $12.06 

This calculation shows the crop of serradella to be more than twice 

as valuable for feeding as for green manuring. 
The above calculation assumed a daily milk yield of 1\ quarts, sold 

at 1\ cents per quart. On the basis of only \\ cents per quart of milk, 

the feeding valuo wonld be $13.52, or still $2.46 higher than the value 

for green manuring. 

GEEEN HANUEING- ON MEDIUM KICH SOILS. 

Green manuring on medium rieh soils has much less to reeommend 
it than on sandy soils. Although the green manuring of light sandy 
Boils with lupines is often of very great advantage in enriching the soil 
in humus, this advantage does not hold good in the case of better soils. 
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There are other plants better adapted than lupines to servo as fallow 
crops on these bettor soils. Serradolla docs well, but as a rule is not 
to bo recommended fov a principal crop, and when sown with rye, giv- 
ing a good yield, it is often so choked out as to amount to very little. 
But where it can be grown with advautago as a first crop on better 
soils it must be fed to be utilized to the fullest extent, as pointed out 
above. 

' Tens and vetch are especially adapted for fallow crops, and can 
be recommended for green manuring. But as tliey are also good fod- 
der plants, all that has been said above regarding this subject applies 
to them with equal force. 

An experiment of interest in this connection was made at the Agri- 
cultural Institute at Halle, Germany, in 1891. About 3 acres of land 
was used which had been in winter wheat in 1890 and in winter rye in 
1891. A mixture of 191 pounds of white field peas, 44 pounds of com- 
mon sand vetch, and 35 pounds of yellow lupine seed per acre was sown 
August 11. The crop was plowed under October 28. A good growth 
had been made and the crop was fitted either for green manuring or 
for feeding. The yield was at the rate of 8,050 pounds of green mate- 
rial per aero. This contained by analysis 0.575 per cent of nitrogen, or 
49.74 pounds of nitrogen per aero, which at 15 cents per pound gave a 
value for the crop for green manuring of $7.40 an acre. 

In the spring of 1892 white pearl barley was sown on the whole area 
and also on an adjoining piece not green manured. The crops wore 
harvested August 18, with the following results per aero: 



Yield of barley per acre with and without green manuring. 





Grain. 


Chaff. 


Straw. 




Bushels. 

61.38 
81. 18 


Pounds. 
3UG 
385 


Pounds. 
3,260 
2,908 





An effect of the green manuring is ouly noticeable in the amount of 
straw, which is larger by about 350 pounds per aero where the mixture 
of peas, vetch, and lupine had been plowed in. 

The barley crop from the gveon-manurod plat contained G8.50 pounds 
of nitrogen per acre, mid that from the plat not green manured 50.0 
pounds of nitrogen. This difference of ll.OOpoundsof nitrogen is nearly 
all accounted for by the nitrogen contained in the seed sown on the 
green-manured plat, so that it may bo that on this medium rich soil 
green manuring was without any effect whatever on the crop immediately 
following it. The pea and vetch plants produced root tubercles, and it 
is probable that had the plants been allowed to fully develop and ripen 
the effect of the tubercles would have been much more apparent in the 



amount of nitrogen in tlie crop plowed under. Bnt the richer the soil 
is the larger the proportion of nitrogen which will bo taken from tho 
soil uud the less from the air. This nitrogen-gathering appears to go 
on best in a soil deficient in available nitrogen, as already mentioned. 

The anthor estimates tho green forage as worth $3 per ton for feed- 
ing, which would make the crop worth $13 per acre, or $5.51 more per 
guru than the estimated value for green manuring. 

GREEN MANURING ON SANDY LOAM SOILS. 

Compared with the above green-manuring trial on medium rich soil, 
the result was qnitc different in a similar trial in JS'Jl on a sandy loam 
soil poor in huinus. A piece of land which for many years had received 
uniform cropping and manuring was divided into two plats of about 
one fourth acre each. Bye had been grown on both plats that season. 
On one plat white field peas were sown in tho rye stubble Angust 15. 
The other plat was given the same proparatoi-y treatment, but remained 
hare. Both plats were plowed November 2. The pea vines had grown 
to a height of 15 to 18 inches, and a large weighed sample showed that 
the green crop was at the i - atc of 3£ tons per acre, containing 37J 
pouuds of nitrogen. 

March 23, 1892, barley was sown on both plats. The green-manured 
plat received no other manuring, but the other plat received an amount 
of nitrate of soda furnishing 28 pounds of nitrogen per acre. Tho 
harley was harvested August 9. Tho yield on the two plats was prac- 
tically the same. The agreement in percentage of nitrogen is eqnally 
striking. The total nitrogen per acre in the crop from tho green- 
manured plat was 60,34 pounds, and from the nitrate of soda plat G0.12 
pounds. The green manuring, with 37.33 pounds of nitrogen per acre, 
had given a result equally as good in every way as an : pplication of 28 
pounds of nitrogen per acre in the form of nitrate of soda. But even 
with this favorable result there was no financial advantage from tho 
green manuring as shown by this single crop. It furnished 37.33 pounds 
of nitrogen per acre, which at 15 cents per pound would be worth only 
$5.C0, which would no more than pay for the pea seed used. 

ALFALFA AND CU1MSON CLOVER FOR FEEDING. 

Suppose that, instead of being plowed under, the alfalfa grown at the 
New Jersey Experiment Station, as referred to (p. 9), had been fed to 
animals and the manure carefully saved and returned to tho soil. Tho 
total yield of fonr cuttings during the season of 1S8!) was about 23 tons 
of green alfalfa per acre. The value of this crop for fodder at $3 per 
ton would be $09 as compared with its valnc of $40.50 for green manur. 
ing, and it is fair to assume that some $35 worth of nitrogen would 
bo returned to the soil in the manure. The crop of 13^ tons of crimson 
clover reported elsewhere (p. 11) would be worth about $40 for feeding as 
compared with $17.25 for green manuring. When made into hay erirn- 
20392— No. 10 2 
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son clover is an excellent feeding stuff and rivals bran in composition. 
Instead of cutting the crop it may bo pastured to advantage. 

COWPEA FOU FEEDING. 

A prominent agriculturist in tho South says of tho eowpca: 

For tho production of a nitrogenous food in tho sliapo of a forage crop tho cowpea 
viuca aro almost without a rival. » » * On an acre of ordinary land thia crop 
will probably produce more digostiblo food than oithcr oats or corn. Tho manure 
resulting from feodiug this crop is of tho highest value and slionld ho carefully pre- 
tervcil ami returned to tho laud. 

At tho Iihodo Island Experiment Station a crop of 17* tons of green 
cowpea forage was harvested. This contained 157i pounds of nitrogen, 
■which at 15 cents per pound would make tho crop worth $23.03 per acre 
for green manuring. At $3 per ton tho 17 J tons would be worth §52.50 
for feeding and there would bo less than one third of tho fertilizing 
ingredients lost in feeding the crop. 

What has been said of the above crops applies with equal force to 
other crops commonly used for green manuring. Tho matter resolves 
itself into this, that on medium and better classes of soils green manur- 
ing is not as profitable as feeding the crop. When the crop is fed tho 
stubble and roots aro left to tho soil, and thoy together with tho manure 
enrich tho soil in fertilizing materials and in humns to very nearly the 
same extent as plowing tho whole crop under. With tho exception of 
perhaps one fourth of tho fertilizing materials, tho soil shares all the 
advantages to bo obtained from green manuring when the crop is fed 
and tho manure preserved. M ore labor is involved in feeding bat in 
return more milk and more beef aro made, or tho pnrchase of expensive 
grain is largely avoided. 

In a rational system of fanning not a single pound of protein which 
can bo used as food for stock should bo plowed into tho soil. Of course 
there aro conditions under which green manuring is to be recommended 
in preference to feeding the crop, and unfortunately such conditions 
prevail at present over a considerable part of this country. Unless the 
manure is carefully collected and preserved tho advantages from feed- 
ing disppear to a largo extent. In some sections of tho conntry, even 
where mannres aro at present necessary, little or no earo is taken of 
the barnyard manure. A largo proportion of tho fertilizing and humus- 
forming ingredients is lost, either through leaching, surfaeo-washing, 
or fermentation and decay. Tho fanner who permits this waste, whether 
through ignorance or carelessness, is snro to feel tho loss either in 
diminished crops or in increased bills for fertilizers. The barnyard 
manure should boas scrupulously eared for as any other farm product. 
It has been repeatedly shown in experiments in the East in growing 
stock for beef, mutton, and pork that a very largo proportion of the 
profit was iu the immure. If the value of tho manure was left out of the 



19 



account there was little or no profit from the operation. If the manure 
wa9 valued at current rates for fertilizing materials a fair profit was 
apparent. 

ADVANTAGES OP SOILING. 

The advantages of soiling, or feeding animals largely or wholly on 
green forage crops in the barn instead of pasturing thein, are that less 
land is required to maintain a given number of animals, the food sup- 
ply can be better regulated, the animals do not waste their energy in 
searching for food, and the manure can all be saved and applied to the 
Boil. The arguments for partial soiling are that the amount of feed 
furnished by pastures is very irregular, being usually abundant and of 
good quality early in the season, but falling off later from droughts or 
early frosts. In the ease of milch cows unless some supplementary 
food is given at such times the milk now diminishes and the cows fall 
off in flesh. 

Concerning the relative amounts of food furnished by pasturing and 
by soiling, the Pennsylvania Experiment Station found in experiments 
in two years that "in round numbers we can produce from three to five 
times as much digestible food per acre by means of the soiling crops (rye 
and corn or clover and corn) as is produced by pasturage such as is 
represented by our small plat." The plat in question was believed to 
fairly represent the average pastnre. From feeding trials with the 
above soiling crops and pasture grass the average yield of milk per acre 
was calculated as follows: 



Yield of milk per acre of land. 





1888. 


1880. 




Pound t. 
3, .116 


Pounds. 
K.G7I 
1,804 






2,488 


4,107 





It will be understood that the above is partly an estimate, but it 
points very strongly in favor of soiling. 

Trials at the station in Wisconsin showed that " by soiling in summer 
a certain area of land will yield double the amount of milk and butter 
that it will when pastured." 

The Connecticut Storrs Experiment Station maintained 4 cows Irom 
June 1 to November 1 on a little less than 2 \ acres of soiling crops with 
the addition of a very light grain and straw feed. 

At the Ontario Agricultural College and Experimental Farm about 
three fourths of an acre of soiling crops (green clover, green peas, tares, 
oats, and eorn fodder) was sufficient, with the addition of 252 ponnds 
of wheat bran, for 2 cows for sixty three days. "We might expeefc, 
therefore, to grow on about 1 acre sufficient green food to feed a cow 
tor two hnudred days under ordinary conditions." 
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If soiling is to lie practiced it is important to liavo a sueeossion of 
groen fodders throughout tho growing season, with each in its best 
stago of growth for feeding. Tlioro should bo no breaks in tho succes- 
sion and eaeh eron should bo used as nearly as possiblo at the timo 
when it contains tho largest amount of valuable food constituents. 

.From threo years of experience and observation in tho practice of 
soiling, tho Connecticut Storrs Station suggests tho following series of 
crops for soiling iu central Connecticut: 

Crops for soiling in central Connecticut. 



Kind of fodder. 



1. Kvo fodder lnwhitls.. 

2. Wheat fodder do.... 

8. Clover pound.'*. . 

4. Grass (from grass lands) 

6. Until and pens (each) bushels. 

fl. Oats and pons (each) do.. 

7. Oats And pens (eaeh) do.. 

8. IluUKarlmt (jra*s do.. 

5. Clover rowen (from 3) 

10. Koja beans bushels 

11. Cowpeas do.. 

is. Uowun grass (from grass iands) 

13. llartey aud pons (each) bushels.. 



Amount 
of seed 
per aero. 



2j to 3 . 
2$ to 3 . 



Approximate time Approximate time 
of seeding. of feeding 



Sept. 1 

Sunt. 5-11) .. 
July 20-30 . 



2... 
2... 
2... 
lj.. 



Apr. 10. 
Apr. 20 . 
Apr. 30. 
June 1.. 



May 2.') 
Juno 5-10. 



Aug. 5-10. 



May 10-20. 
May 20-Juno5. 
June 5-15. 
Jnno 15-25. 
Juno25-,lulv 10. 
July 10-20. 
July 20-Aug. 1. 
Aug. 1-10. 
Aug. 10-20. 
Aug. 29-Sept 5. 
Sept. 5-20. 
Sept. 20-30. 
Oct. 1-30. 



Tho growing of a leguminous plant and a cereal together, as oats 
and peas, to bo fed as green forage, lias proved quite popular where it 
has been tried. Tho experiment stations in nearly overy State have 
tested tho adaptability of various fodder plants, leguminous and non- 
leguininous, aud can furnish information as to selection, where seed can 
bo obtained, etc. 

By a judicious selection of soiling crops not only can a much larger 
number of cows bo kept on a given area of land, bnt tho land may be 
brought into a higher state of cultivation and fertility, aud much grain 
may bo spared. 

Soiling is a feature of a moro intensivo system of farming, and finds 
more extensive application as the value of tho laud increases. 



VALUE OF LEGUMINOUS CUOrS FOR FEEDING. 

"Why should tho fanner go on raising meadow hay as his main sup- 
ply of coarso fodder and buying grain to supplement it, when by grow- 
ing leguminous crops the nitrogen required by animals can be produced 
at the lowest cost7 Tho crops of red clover, crimson clovor, Japan clovor 
(Lespedeza), cowpoa, alfalfa, sqja boan, horse beau, serradella, and many 
others of this class far surpass common hay in tho food materials they 
contain, both pound for pound and in yield per aero. They may bo 
grown as catch crops aud used for soiling or pasturago, or they may bo 
grown for making hay or sihigo. By mixing the green crops with corn 
and ensiling the two together a palatable and nutritious food is pro- 
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dnccd which is raneli richer in protein (nitrogen) than silage made from 
corn alone. 

The cultivation of these leguminous plants involves somewhat more 
labor, as a rule, than raising grass hay, but it is believed that it will 
prove profitable for it enables the farmer to raise his own concentrated 
feed at the same time that ho raises his coarse fodder. For instance, a 
recent experiment has indicated that soja-bean meal is fully equal to 
cotton-seed meal for milk and butter production. This meal is one of 
the richest feeding stuffs we have. It exceeds linseed meal and gluten 
meal in protein (nitrogen) and far exceeds these and cotton seed meal in 
fat. It is only surpassed in protein by cotton seed meal and some of the 
oilcakes little used in this country. The beans can be thrashed out and 
ground and the straw fed as coarse fodder. This straw is richer in 
food materials than a good meadow hay. It contains OJ per cent of 
protein while meadow hay averages about per ceut. The eowpea 
may bo treated in similar manner. The ground cowpeas are a richly 
nitrogenous feed, although not as rich as soja-bean meal ; and the vines 
aro nearly or quite equal to clover hay and far surpass grass hay in 
richness. 

The following table shows the average composition of hay from legu- 
minous crops as compared with hay from grasses: 



Average composition of hay from grasses and leguminous crops. 



Hay from — 



Red top 

Orchard grass 

Timothy 

Hungarian grass 

Kentucky blue grass 

Red clover 

Crimson clover 

Japan clover 

Alsilce clovor 

Whito clover 

Alfalfa 

Cow]ip» 

taradella 

Vetch 

Soja bean 

Average for grasses 

Averago for leguminous plants 



Water. 



Percent. 
8.0 
9.9 
13.2 
7.7 
15.0 
15.3 
13.4 
10.0 
9.7 
9.7 
8.4 
10.7 
0.2 
8.4 
6.3 



Protein. 



Per cent. 
7.9 
8.1 
E.8 
7.5 
8.2 
12.3 
14.0 
13.8 
12.8 
15.7 
14.3 
10.6 
15.2 
14.5 
14.5 



10.94 
10. 20 



Carbohy- 
drates. 



Per cent. 
76.0 
73.4 
74.0 
76.7 
78.1 
62.9 
55.6 
63.1 
66.3 
63.4 
07.7 
62.3 
65.7 
67.8 
60.6 



7.52 
14.37 



75.61 
64. 14 



It may bo said in general that 100 pounds of hay from leguminous 
crops contains about twice as much protein as 100 pounds of hay from 
grasses. The leguminous hay may be safely estimated as worth from 
one fourth to one third more for feeding than common hay. This is 
tnie in spite of the fact that it does not usually command a higher 
price in the markets, owing to certain prejudices against its use. 

Assuming that the common grasses yield 2 tons of hay to the acre, 
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and elovers, etc., 3 tons of hay, the amounts of food materials and fer- " 
tilizing materials in the crops are approximately as follows: 

Itclatiie yield of food and fertilizing materials in crops of hag from grasses and from 

leguminous crops. 



Ilay from— 


Assumed 

yttild 
pur acre. 


Fowl material* In crop per 
acre. 


Fertilizing mn(orhiln in crop 
prr acre. 


l'rotaln, 


Carbo- 
hydrates. 


Vat. 


N'ltrogon. 


rIios;>I*>ric 
ac.d. 


l'otash. 


Tlmulby 


Tom. 

3 

3 
3 
3 


J'oundt. 

138 
118 
3C0 
429 
408 
435 


Pound*. 

i.5':o 

1.480 
1,887 
2, 031 
1. 809 
1,938 


Pmmdt. 

38 
60 
99 
08 
87 
108 


Pound t. 
23.0 
25.2 
02.1 
Oft. 7 
58.5 
09.6 


Pound*. 
7.2 
10. 8 
11.4 
15. 3 
15.8 
20.1 


1'oundi. 
20. 4 
18.0 

06. o 

60.4 
41.1 
32.4 



The amonnt of hay produced on different farms varies so widely that 
it is difficult to strike an average, especially for the legnminons crops. 
It will ho seen that on tlio above basis, which is believed to bo a fair 
oiio, the leguminous crops furnish from two to four times as much pro- 
tein per acre as common grasses, together with much more fat and 
rather uioro carbohydrates. They also contain nearly three times as 
much nitrogen and about twice as much potash. It should bo remem- 
bered that tinder favorable conditions they may draw a largo propor- 
tion of this nitrogen from tho air, instead of depleting tho soil, and that • 
their long roots enable them to feed upon the potash deep down in the 
6oil beyond tho reach of surface-feeding plants. 

SUMMARY. 

(1) Green manuring improves the physical properties of tho soil by 
making the soil moro porous and adding to its supply of humus. It 
brings up the dormant plant food from deep down in the soil and 
deposits it near the surface, where it can bo used by plants feeding near 
the surface. 

(2) (h'con manuring with buckwheat, Hungarian grass, and other 
non-leguminous plants adds practically nothing to the soil which was 
not there before, except a mass of vegetable matter which decays and 
goes to form humus. 

(II) Green manuring with clovers, peas, beans, lupines, etc. (legnini- 
lions crops), actually enriches the soil in nitrogen drawn from tho air. 
These plants can grow with very little soil nitrogen. They store up 
the nitrogen of the air as they grow, and when plowed under give it 
up to the soil and to future crops. It is tho cheapest means of manur- 
ing the soil with nitrogen. 

(-1) But animals, as well as plants, require nitrogen for food. By 
feeding tho crops of clover, cowpea, etc., only about ono fourth of the 
fertilizing materials of the crop is lost if the manure is properly cared 
for. As tho nitrogen of tho air is the cheapest source of nitrogen for 
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plants, so it is the cheapest source of protein (nitrogen) fer animals. 
The leguminous crop is best utilized when it is fed out on the farm 
and the manure saved and applied to the soil. The greatest profit is 
thus secured and nearly the same fertility is maintained as in green 
manuring. 

(5) For renovating worn or barren soils, and for maintaining the 
fertility where the barnyard manure is not properly cared for, green 
inaiinriiig with such leguminous creps as eowpea, clevers, and lupines 
is recommended. A dressing of potash and phosphates will usually 
be sufficient for the green manuring crop. 

(0) The practice of green manuring on medium and better classes of 
soils is irrational and wasteful. The farmer should mend his system 
so that the barnyard manure will be as well eared for as any other 
farm product. Loss from surface washing, leaching, fermentation, and 
decay should be guarded against. Then the feeding of richer food will 
mean-richer manure and better and cheaper crops. 

(7) The system of soiling, or feeding green crops in the barn in place 
of pasturage, enables a larger number of auimals to be kept on a given 
area of land, and the manure to be mere completely saved. For this 
purpose leguminous crops are extremely valuable. 

(8) Hay from leguminous crops is about twice as rich in protein as 
bay from grasses. In the one ease this protein (nitrogen) is obtained 
very largely from the atmosphere; in the other it is all drawn from the 
fertility of the seil. Leguminous crops yield larger crops of hay to the 
acre than grasses. Hence the production of food materials on an acre, 
especially protein, is several times larger with leguminous crops. 

(9) If allowed to ripen, the seed of the cewpca and soja bean furnishes 
an extremely rich concentrated feed which can bo ground and fed in 
place of expensive commercial feeds. The straw remaining may bo fed 
as coarse fodder, for it is richer than ordinary hay. 

(10) Grow more leguminous crops. They furnish the cheapest food 
for stock and the cheapest mannro for the soil. They do this because 
they obtain from the air a substance necessary for plants and animals 
alike, which costs in the form of fertilizers and feeding stuffs from 15 
to 25 cents a pound. 
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FARMERS' BULLETINS. 

These bulletins are sent freo of charge to any address npon application to the 
Secretary of Agriculture, Washington, D. C. Only the following are available for 
distribution: 



No. 15. Sorao DostrnctlvoFotato Diseases: What They Are and How tci Prevent Thtini. Pp. «, 
No. 16. Leguminous Plants for Green Manuring and lor Feeding. Pp. 24. 
No. 18. Forage Plants fur dm South. Pp. 30. 
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